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Objective: To estimate the excess deaths associated with weight loss in combination with leisure time physical activity among
overweight or obese people.
Design: Prospective cohort study.
Subjects: In two consecutive examinations in 1976–1978 and 1981–1983, 11135 people participated in the Copenhagen City
Heart Study. Of these, 3078 overweight or obese participants lost weight or remained weight stable from 1976–1978 to 1981–
1983, and were without pre-existing diagnosis of diabetes, stroke, ischaemic heart disease or cancer in 1981–1983. They were
followed up until 2007 in the Danish Civil Registration System, with a o0.2% loss to follow-up only.
Measurements: The following measurements were taken: body mass index (BMI) and physical activity in 1976–1978 and
1981–1983 and hazard ratio (HR) of mortality during 53976 person-years of follow-up.
Results: Of the initially overweight or obese subjects who either lost weight or remained weight stable, 2060 died. Overall,
weight loss was associated with excess mortality when compared with weight stability. Weight loss was associated with a higher
mortality among those who became physically inactive, compared with those who remained active while losing weight (men:
HR 2.25, 95% confidence interval 1.31–3.84; women: 1.43, 1.07–1.91). However, losing weight while remaining physically
active was still associated with excess mortality when compared with those who were weight stable and initially active (men:
1.72, 1.27–2.34; women: 1.57, 1.06–2.31). Among those who remained physically inactive, weight loss seemed associated with
excess mortality when compared with weight loss among those who became active, although not statistically significant (men:
2.00, 0.94–4.29; women: 1.40, 0.82–2.39). Finally, weight loss among those who became physically active was not associated
with excess mortality when compared with those who were weight stable and initially inactive (men: 1.12, 0.61–2.07; women:
1.19, 0.58–2.43).
Conclusion: Weight loss among the overweight or obese seemed hazardous to survival. However, weight loss seemed less
hazardous to survival among those who remained physically active or those who became active.
International Journal of Obesity (2010) 34, 760–769; doi:10.1038/ijo.2009.274; published online 12 January 2010
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Introduction
The prevalence of overweight and obesity is increasing
markedly worldwide,1–3 and the increased morbidity and
mortality associated with increased body weight has long
been recognized. In the United Kingdom, several other
European countries and the United States, the proportion of
subjects who are overweight or obese exceeds the proportion
of normal-weight subjects, and many are trying to lose
weight.1–4 Although weight loss is generally associated with
improvement in metabolic and cardiovascular risk factor
levels,5–7 weight loss has also been associated with increased
all-cause and cardiovascular mortality in observational
studies.8–15 However, the results are not consistent.16,17
Variations in occurrence of pre-existing disease, sub-clinical
disease, smoking, changes in body composition or fat
distribution have been suggested to explain, in part, the
elevated risk among those who lose weight.10,11,18,19
Although studies have shown that even after careful
confounder control and exclusion of subjects with pre-
existing disease, weight loss still seems an independent risk
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factor for premature death.11,15 Some of the variation in the
health risk associated with weight loss may be explained by
the balance between loss of lean body mass and fat mass and
the type of fat mass lost.19 Some studies have shown that
exercise-induced weight loss may result in a lower and more
favourable ratio of fat to lean body mass than diet-induced
weight loss, as muscle mass is kept or even elevated.20–22
Furthermore, a few studies have shown a preferential loss of
unhealthy visceral fat after physical activity, but the results
are inconsistent.23–27
Several large population studies have shown that people
who remained active or increased their level of physical
activity were less likely to die from cardiovascular disease
and from all causes.28–31 However, the association between
weight loss and mortality may well be different according
to the level of physical activity or change in physical
activity and has been only briefly addressed in other
studies.15 Therefore, the aim of this study was to estimate
the mortality associated with weight loss in combination
with leisure time physical activity among overweight or
obese people.
Subjects and methods
Study population and follow-up
An age-stratified sample of 19 329 men and women from
Copenhagen was randomly drawn from the Danish Civil
Registration System in 1976 and invited to participate in the
Copenhagen City Heart Study. They were selected among
approximately 90000 eligible inhabitants aged X20 years in
1976–1978, and they were re-invited in 1981–1983. At the
first examination, 14223 subjects participated (74%) and, of
these, 11135 participated in the second examination in
1981–1983. The participants were invited to the Copenhagen
University Hospital and were asked to complete a self-
administered questionnaire regarding various health-related
issues, including questions about leisure time physical
activity. A physical examination was performed in which
weight and height was measured. The staff checked the
responses to the questionnaires during the examination with
regard to potential non-response or inconsistent responses.
The Danish ethics committee for the city of Copenhagen
and Frederiksberg approved the study (no. 100.2039/91).
A detailed description of the Copenhagen City Heart Study
has been published.32 Of the 11135 people participating
in both the first and second examinations, 5135 were
overweight or obese defined as a body mass index
(BMI¼weightheight–2, kgm–2) of at least 25. Of these,
1320 participants who gained weight from 1976–1978 to
1981–1983 were excluded. In addition, we excluded 497
participants with a previously diagnosed ischaemic heart
disease, stroke, diabetes or cancer, and additionally 240
participants were excluded because of incomplete informa-
tion on the exposure variables, leaving 3078 overweight or
obese participants: 1692 men and 1386 women (see Figure 1).
Using the unique person identification number in the
Danish Civil Registration System, the participants were
followed up from the date of entry into the study, until date
of death, loss to follow-up, emigration or until 11 August
2007, whichever came first.33 These identification numbers
encode date of birth, sex and a record linkage with complete
hospital discharge history for each individual. As a result of
emigration or disappearance, 6 (o0.2%) people were lost to
follow-up before 11 August 2007.
Weight loss
Weight loss was computed as change in BMI from the first to
second examination and divided a priori into two groups: (1)
weight loss (WL) group with decline in BMI 41kgm–2; (2)
weight-stable (WS) group with stable BMI within±1kgm–2.
Weight gain, that is, increase in BMI 41kgm–2 will not be
addressed in this paper, as it focuses explicitly on the effect
of physical activity on weight loss effects.
Change in leisure time physical activity
Leisure time physical activity was assessed as the mean
weekly level during the last year, graded in four levels based
on a questionnaire constructed by Saltin and Grimby,34 with
modifications. The four levels were: (1) being almost entirely
inactive or engaging in light physical activity for o2h per
week (e.g., reading, watching television); (2) engaging in
light physical activity for 2–4h per week (e.g., walking,
cycling, light gardening, light physical exercise); (3) enga-
ging in light physical activity for 44h per week or more
vigorous activity for 2–4h per week (e.g., brisk walking, fast
cycling, heavy gardening, sports that cause perspiration or
exhaustion); and (4) engaging in highly vigorous physical
activity for more than 4h per week, or regular heavy
exercise, or competitive sports several times per week.
Level 1 was considered physically inactive (PI) and level 2,
3 and 4 combined was considered physically active (PA). A
change in level of physical activity was defined in four
19,329 invited90,000 eligible
participants
14,223 participated 11,135 participated in both
1976-78 and 1981-83 
Year 1976-78 Year 1981-83
Exclusions:
1320 who gained weight
497 with previous disease prior to 1981-83
240 with incomplete covariate information
Total
Participants being overweight
or obese in 1976-78
5135 participated
with BMI ≥ 25
3078 participants:
1692 men, 1386 women
Figure 1 Flowchart showing the delineation of the study sample by various
exclusions.
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groups a priori: (1) PAPA: physically active in both 1976–1978
and 1981–1983; (2) PAPI: physically active in 1976–1978, but
inactive in 1981–1983; (3) PIPI: physically inactive in both
1976–1978 and 1981–1983; and (4) PIPA: physically inactive
in 1976–1978, but active in 1981–1983.
Covariates
The following set of potential confounders was identified:
age (years; cubic spline), sex, initial BMI (kgm–2; cubic
spline), weekly alcohol intake (drinks per week; cubic spline),
change in daily smoking habits (never smoker, ex-smoker at
both examinations, re-started smoking between the two
examinations, smoking cessation between the two examina-
tions and smoker at both examinations), pack years
(calculated as years of smoking multiplied by packs (of 20
cigarettes) currently consumed and for ex-smokers their past
average pack consumption; cubic spline), education (o8
years, 8–11 years or at least 12 years), marital status (married
or cohabiting, divorced or widowed and single), time
between the two examinations (years; linear) and time since
the second examination in 1981–1983 (years; underlying
timescale).
Statistical methods
We calculated hazard ratios (HRs) with 95% confidence
intervals for all-cause mortality using Cox’s proportional
hazards regression model with time since the second
examination in 1981–1983 as the underlying time variable.
The analyses were sex specific and repeated with adjustment
for all the potential confounders. To address the problem of
reverse causality, we excluded diabetics and individuals with
diagnosed cancer or ischaemic heart disease in 1981–1983
and we did further analyses, in which cases that occurred
during the first 5 years of follow-up were excluded.
In the analyses of the combined influence of weight loss
and physical activity, we used different reference groups to
test interesting comparisons, but we attempted to use the
group with most events as reference in the different analyses.
We used a joint reference group to ensure that the HRs for
the different categories of change in level of physical activity
combined with weight loss were estimated with reference to
a common baseline risk. To assess whether change in
physical activity modified the association between weight
loss and mortality, we performed a Wald test between the
groups of interest. As those who were physically inactive
might be physically active at work, we did additional
analyses with further adjustment for activity at work.
For every Cox model, the proportional hazard assumption
was controlled with a test of the proportional hazards
assumption based on Scho¨enfeld residuals; separately for
each covariate. Because of violation of the proportional
hazard assumption in the WL group when compared with
WS group, an extended Cox’s regression modelling the time-
varying covariates continuously was used to estimate the
combined effects of weight loss and change in leisure time
physical activity on all-cause mortality. Thus, some estimates
were time dependent and the HRs presented for the WL
group throughout the paper were those just after the second
examination in 1981–1983, but the HRs at 10 year after the
weight loss are also shown. All analyses were performed
using STATA version 9 (StataCorp LP, College Station,
TX, USA).
Results
In 1976–1978, 2231 men (55%) and 1934 women (38%) were
overweight or obese, and of these, 527 men (24%) and 580
women (30%) lost weight from 1976–1978 to 1981–1983.
Within sex, those who remained weight stable tended
to be younger, less frequently smokers and had a lower
initial BMI than subjects who lost weight (Table 1). Of those
who lost weight, 36 men (7%) and 46 women (8%) stated
they were physically inactive in both 1976–1978 and 1981–
1983. PAPA tended to cohabit more, be better educated and
smoked less than PIPI, regardless of sex. Of the initial
overweight or obese participants who either lost weight
or remained weight stable, 1182 men (70%) and 878
women (63%) died during a total of 53 976 person-years of
follow-up.
Weight loss and physical activity
Weight loss was associated with excess mortality compared
with those who remained weight stable (Table 3). Further,
PIPI or PAPI was associated with significantly higher
mortality than PAPA, and PIPA men had higher mortality
than PAPA men (Table 2). Weight loss was associated with
no excess mortality among initially physically inactive
(PIxx) compared with weight loss among initially physically
active (PAxx) people (men: HR 1.03, 95% confidence interval
0.80–1.31; women: 1.14, 0.66–1.97). Furthermore, weight
loss accompanied by attained physical inactivity (xxPI) was
more hazardous than weight loss in attained physically
active (xxPA) people (men: 2.00, 1.27–3.16; women: 1.69,
1.01–2.82).
Weight loss was associated with a higher mortality among
PAPI than PAPA (men: 2.25, 1.31–3.84; women: 1.43, 1.07–
1.91). In addition, among PIPI men, weight loss seemed
associated with excess mortality compared with weight loss
among PIPA men, but this was more uncertain among
women (men: 2.00, 0.94–4.29; women: 1.40, 0.82–2.39).
However, PIPI men who lost weight tended to have lower
mortality than physically active men who failed to maintain
physical activity (PAPI) and lost weight (0.66, 0.41–1.08).
The opposite tendency was observed among women (1.59,
0.72–3.49), but none of these findings were significant.
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Weight loss, weight stability and physical activity
The HRs of all-cause mortality for combinations of weight
development and change in leisure time physical activity are
shown in Tables 3–5. Compared with PAxx-WS, PAPA-WL
was associated with excess mortality (men: 1.72, 1.27–2.34;
women: 1.57, 1.06–2.31), as was PAPI-WL (men: 3.87,
2.32–6.46; women: 2.17, 1.21–3.91).
Compared with PIxx-WS, PIPI-WL was associated
with excess mortality (men: 1.96, 0.93–4.11; women: 3.06,
1.40–6.71), whereas PIPA-WL had no excess mortality (men:
1.12, 0.61–2.07; women: 1.19, 0.58–2.43). Finally, change in
level of leisure time physical activity modified the associa-
tion between weight loss and mortality among initially
physically active men, but not among women (men:
P¼0.01; women: P¼ 0.87), and there might be a modifying
tendency among initially physically inactive men and
women (men: P¼0.26; women: P¼0.23; Table 5).
Time dependency
The HRs among those who lost weight when compared with
those who were weight stable were time dependent, and the
HRs for all-cause mortality in this group attenuated with
time, but for the initially physically active the overall pattern
was essentially similar 10 years after the second examination
in 1981–1983 (Table 5), whereas the excess mortality
associated with weight loss among the initially physically
inactive was completely attenuated (Table 5).
Table 2 Hazard ratio and 95% confidence intervals for all-cause mortality associated with change in leisure time physically activity among 1692 overweight and
obese men and 1386 overweight and obese women in the Copenhagen City Heart Study (1976–1978 to 1981–1983)
Change in level of leisure time physical activity
PAPA PAPI PIPI PIPA
HR (95% CI)
Men
Age-adjusteda (n¼ 1692, cases¼1182) 1.00 (reference) 1.28 (1.05–1.56) 1.35 (1.06–1.71) 1.31 (1.10–1.56)
Multi-adjustedb (n¼ 1692, cases¼1182) 1.00 (reference) 1.23 (1.01–1.50) 1.28 (1.01–1.64) 1.20 (1.01–1.44)
Women
Age-adjusteda (n¼ 1386, cases¼878) 1.00 (reference) 1.44 (1.18–1.75) 1.47 (1.15–1.88) 1.03 (0.84–1.26)
Multi-adjustedb (n¼ 1386, cases¼878) 1.00 (reference) 1.36 (1.12–1.66) 1.33 (1.04–1.72) 0.98 (0.80–1.21)
Abbreviations: CI, confidence interval; HR, hazard ratio; PAPI, physically active in 1976–1978, but inactive in 1981–1983; PIPA, physically inactive in 1976–1978, but
active in 1981–1983; PIPI, physically inactive in both 1976–1978 and 1981–1983; PAPA, physically active in both 1976–1978 and 1981–1983. aAdjusted for age,
time between the two examinations and time since the second examination in 1981–1983. bAdjusted for age, time between the two examinations, time since the
second examination in 1981–1983, change in daily smoking habits, initial body mass index, height, education and marital status.
Table 3 Hazard ratio and 95% confidence intervals of all-cause mortality associated with weight loss and change in physical activity among 1692 overweight and
obese men and 1386 overweight and obese women in the Copenhagen City Heart Study (1976–1978 to 1981–1983)
Groups in focus Reference group HRa 95% CI P-valueb HR, 10 years aftera,c 95% CI P-valueb
Men
WL WS 1.84 (1.41–2.39) o0.01 1.20 (1.05–1.38) o0.01
Change in physical activity Initial physical activity
PAPA-WL PAxx-WS 1.72 (1.27–2.34) o0.01 1.18 (1.01–1.38) 0.04
PAPI-WL PAxx-WS 3.87 (2.32–6.46) o0.01 1.84 (1.36–2.49) o0.01
PIPI-WL PIxx-WS 1.96 (0.93–4.11) 0.08 0.91 (0.73–1.13) 0.77
PIPA-WL PIxx-WS 1.12 (0.61–2.07) 0.72 0.99 (0.71–1.38) 0.97
Women
WL WS 1.73 (1.24–2.41) o0.01 1.28 (1.08–1.51) o0.01
Change in physical activity Initial physical activity
PAPA-WL PAxx-WS 1.57 (1.06–2.31) 0.02 1.22 (1.00–1.49) 0.05
PAPI-WL PAxx-WS 2.17 (1.21–3.91) 0.01 1.73 (1.28–2.33) o0.01
PIPI-WL PIxx-WS 3.06 (1.40–6.71) o0.01 1.49 (0.98–2.26) 0.06
PIPA-WL PIxx-WS 1.19 (0.58–2.43) 0.63 0.95 (0.64–1.40) 0.80
Abbreviations: CI, confidence interval; HR, hazard ratio; PAPA, physically active in both 1976–1978 and 1981–1983; PAPI, physically active in 1976–1978, but
inactive in 1981–1983; PAxx, initially physically active; PIPA, physically inactive in 1976–1978, but active in 1981–1983; PIPI, physically inactive in both 1976–1978
and 1981–1983; PIxx, initially physically inactive; WL, weight loss (decline in BMI 41 kgm–2 (BMI¼weight(kg) height(m)–2)); WS, weight stable (BMI
within±1 kgm–2). aAdjusted for age, time between the two examinations, time since the second examination in 1981–1983, change in daily smoking habits, initial
body mass index, height, education and marital status. bP-value for the difference between the group in focus and the reference group. cThe hazard ratio 10 years
after the second examination in 1981–1983.
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Discussion
In agreement with numerous other studies,10,11,15,35,36 our
study showed that weight loss among overweight or obese
men and women was associated with excess mortality.
Weight loss among subjects remaining or becoming inactive
(PAPI or PIPI) seemed more hazardous than weight loss
among subjects who remained or became active (PAPA or
Table 5 Hazard ratio and 95% CI of mortality associated with weight change in combination with change in physical activity
Attained physical activity
xxPA xxPI
Weight change Weight change
Weight stable Weight loss Weight stable Weight loss
HR (95% CI) PInteraction
a
Men Initial physical activity
Multi-adjustedb PAxx 1.00 (reference) 1.73 (1.27–2.36) 1.04 (0.81–1.35) 3.89 (2.33–6.51) 0.01
PIxx 1.22 (0.98–1.53) 1.46 (0.81–2.65) 1.51 (1.11–2.06) 2.56 (1.24–5.30) 0.26
Multi-adjustedb PAxx 1.00 (reference) 1.18 (1.01–1.39) 1.04 (0.81–1.35) 1.85 (1.37–2.50) 0.05
10 years afterc PIxx 1.22 (0.98–1.53) 1.30 (0.96–1.74) 1.51 (1.11–2.06) 1.23 (0.82–1.84) 0.38
Women
Multi-adjustedb PAxx 1.00 (reference) 1.69 (1.14–2.51) 1.32 (1.01–1.74) 2.36 (1.30–4.28) 0.87
PIxx 1.06 (0.81–1.41) 1.46 (0.72–2.93) 1.43 (1.01–2.01) 3.73 (1.73–8.06) 0.23
Multi-adjustedb PAxx 1.00 (reference) 1.29 (1.05–1.59) 1.32 (1.01–1.74) 1.83 (1.35–2.49) 0.74
10 years afterc PIxx 1.06 (0.81–1.41) 1.14 (0.79–1.63) 1.43 (1.01–2.01) 1.79 (1.21–2.63) 0.63
Abbreviations: CI, confidence interval; HR, hazard ratio; PAxx, initially physically active; PIxx, initially physically inactive; xxPA, attained physically active; xxPI,
attained physically inactive. aP-value for the statistical interaction among either initially physically active or initially physically inactive. bAdjusted for age, time
between the two examinations, time since the second examination in 1981–1983, change in daily smoking habits, initial body mass index, height, education and
marital status. cThe hazard ratio 10 years after the second examinationin 1981–1983. The reference group consists of those who remained physically active and
weight stable. Copenhagen City Heart Study (1976–1978 and 1981–1983).
Table 4 Hazard ratio and 95% confidence intervals of all-cause mortality associated with physical activity among those who lost weight in the Copenhagen City
Heart Study (1976–1978 to 1981–1983)
Groups in focus Reference group HRa 95% CI P-valueb HR 10 years aftera,c 95% CI P-valueb
Men
WL WL
PIxx-WL PAxx-WL 1.03 (0.80–1.31) 0.85 – – –
xxPI-WL xxPA-WL 2.00 (1.27–3.16) o0.01 1.31 (1.01–1.69) 0.04
PAPI-WL PAPA-WL 2.25 (1.31–3.84) o0.01 1.56 (1.14–2.14) o0.01
PIPI-WL PIPA-WL 2.00 (0.94–4.29) 0.07 0.97 (0.61–1.55) 0.91
PIPI-WL PAPI-WL 0.66 (0.41–1.08) 0.10 – – –
Women
WL WL
PIxx-WL PAxx-WL 1.14 (0.66–1.97) 0.65 0.98 (0.75–1.29) 0.89
xxPI-WL xxPA-WL 1.69 (1.01–2.82) 0.05 1.43 (1.11–1.85) o0.01
PAPI-WL PAPA-WL 1.43 (1.07–1.91) 0.02 – – –
PIPI-WL PIPA-WL 1.40 (0.82–2.39) 0.23 1.20 (0.86–1.68) 0.28
PIPI-WL PAPI-WL 1.59 (0.72–3.49) 0.25 0.98 (0.63–1.52) 0.91
Abbreviations: CI, confidence interval; HR, hazard ratio; PAPA, physically active in both 1976–1978 and 1981–1983; PAPI, physically active in 1976–1978, but
inactive in 1981–1983; PAxx, initially physically active; PIPA, physically inactive in 1976–1978, but active in 1981–1983; PIPI, physically inactive in both 1976–78 and
1981–83; PIxx, initially physically inactive; WL, weight loss (decline in BMI 41 kgm–2 (BMI¼weight(kg) height(m) –2)); xxPA, attained physically active; xxPI,
attained physically inactive. aAdjusted for age, time between the two examinations, time since the second examination in 1981–1983, change in daily smoking
habits, initial body mass index, height, education and marital status. bP-value for the difference between the group in focus and the reference group. cThe hazard
ratio 10 years after the second examination in 1981–1983.
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PIPA) (Table 4). Weight loss is a combination of loss of lean
body mass and loss of different types of fat mass. Population
studies have shown inverse associations between loss of fat
mass and mortality, and loss of lean mass has been shown to
increase mortality.37,38 Our results suggested less hazardous
effects of weight loss for the active. This may be attributed
to a lower loss of lean tissue through the weight loss, as well
as the beneficial effects of physical activity on the circulatory
system, or to a healthier balance between the loss of harmful
abdominal and ectopic fat mass, and the loss of beneficial
peripheral subcutaneous fat. Benefits to the circulatory
system include influences on the lipoprotein metabolism,
inflammatory markers, endothelial function and insulin
resistance.39–46
Is physical activity important among those who lose weight?
Our study showed that leisure time physical activity had
protective effect on all-cause mortality, which is in line with
numerous other studies.47–50 In addition, changes in physi-
cal activity seemed to modify the effect of weight loss on
all-cause mortality among initially physically active men.
One recent study found a modifying effect of physical
activity on the association between body composition and
mortality among men, by lowering the mortality associated
with a high fat mass or a low fat-free mass among physically
active, but not inactive men.51
A Finnish study of weight loss among otherwise healthy
moderately overweight men and women found that mortality
was dependent on the method of weight loss. Indeed, among
those whose weight loss resulted from dieting only, mortality
was higher than among those who maintained stable weight.
Mortality was also increased when weight loss resulted from
exercise but not to the extent observed when dieting.15 In our
study, the PAPI-WL and PIPI-WL had higher mortality than
PAPA-WL and PIPA-WL, respectively. It may be assumed that
weight loss among subjects remaining or becoming inactive
(PAPI or PIPI) was a result of dieting, whereas those who
remained or became active (PIPA or PAPA) used exercise and
potentially also diet to lose weight, making our results in
agreement with those from the Finnish study.
Among those who lost weight, we did not find any
difference in mortality between PAxx and PIxx, possibly
because those who changed their level of physical activity
already had attenuated risk. This is also supported by lower
mortality among PIPI men losing weight than weight loss
among men failing to maintain physically active (PAPI),
although this was not observed among women (Table 4).
This suggests that it is important to take changes in physical
activity into account in weight loss studies.
Can physical activity counterbalance the risk associated with
weight loss?
Interestingly, weight loss was associated with excess morta-
lity among initially physically active, regardless of whether
they remained physically active or became inactive (Table 3).
The initially physically active may have benefited from the
favourable effects of physical activity before the weight loss
and may have a favourable body composition and fat
distribution. Weight loss in this group may therefore
constitute a relatively large loss of the beneficial lean mass
and peripheral subcutaneous fat, which may have led to the
excess mortality.
Compared with weight-stable initially physically inactive
(PIxx-WS), attained physical activity during weight loss
(PIPA-WL) seemed to eliminate the excess mortality asso-
ciated with weight loss among PIxx when compared with
PIxx-WS (Table 3). However, continued activity during
weight loss (PAPA-WL) seemed to attenuate but not elimi-
nate the excess mortality associated with weight loss among
PAxx, both compared with weight-stable initially physically
active (Table 3). Thus, weight loss in combination with
physical activity may involve a favourable composition or
distribution of the lost body tissue. Several studies have
shown that training-induced weight loss is associated with a
more favourable composition of lost tissue (fat compared
with lean body mass), resulting in a more favourable lower
ratio of body fat to lean body mass, as muscle mass is kept or
even elevated.20–22 In addition, loss of fat mass in different
regions of the body may have different health implica-
tions,19 as abdominal fat, and especially visceral fat, is
associated with increased risk of cardiovascular morbidity
and mortality. Therefore, loss of abdominal fat may reduce
the risk of cardiovascular morbidity and mortality, whereas
fat on the lower body or in the peripheral sub cutis may have
favourable effects on cardiovascular risk factors, and loss of
such tissues may increase the risk of cardiovascular morbid-
ity and mortality.52–56 A few studies have reported a
preferential loss of unhealthy visceral fat after physical
activity, but the results from previous literature are incon-
sistent.23–27 Data on change in fat distribution were not
available and thus this could not be examined in this study.
Is the mortality associated with weight loss different according
to physical activity?
Attained level of leisure time physical activity modified the
association between weight loss and mortality among
initially physically active men, but not women, and there
may be a modifying tendency among initially physically
inactive men and women (Table 5). This mortality lowering
effect among PAPA men and PIPA men and women who lost
weight seemed more than expected from physical activity
alone, which could indicate an antagonistic effect of being
physically active on the hazardous effect of weight loss. For
the initially physically active the same pattern was present
10 years after the weight loss, but for the initially physically
inactive weight loss did not seem to influence survival 10
years after (Table 5). Further, initial physical activity seemed
to be important for mortality among men who remained
weight stable, whereas attained physical activity seemed to
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be important for mortality among women who remained
weight stable (Table 5).
Strengths and limitations
Although the size of the study population, the prospective
population-based design, the nearly complete long-term
follow-up and the repeated collection of detailed informa-
tion on lifestyle and anthropometric measures strengthen
this study, the accuracy of the registers, lack of information
about possible causes of weight loss that may induce
confounding and misclassification are potential limitations.
Abdominal obesity, assessed by waist-to-hip ratio or waist
circumference for given BMI, has been found to be a better
predictor of death than BMI alone, as it captures the harmful
abdominal fat.54,57,58 However, our data from 1976–1978
and 1981–1983 did not include measures of waist and hip
circumferences. In addition, we did not have information on
either age of obesity onset, duration of obesity, type of lost
tissue, whether the weight loss was intended or not and
whether it was maintained or not.
Separate analyses were performed for men and women and
we adjusted for age, smoking, weekly alcohol intake, education
and marital status, but confounding may still be possible,
especially as this cohort has no information on dietary intake.
The preventive effect of physical activity could also be due to a
healthier dietary intake, or interactions between diet and
physical activity. We adjusted for changes in smoking habits
between the two examinations, but adjustment for daily
smoking habits did not account for duration of smoking.
However, additional adjustment for pack years did not alter the
association substantially (data not shown).
The study population was age stratified with the majority
being middle aged. Only 1% was o29 years of age and
25% of the sample was o47 years of age. Hence, our results
cannot necessarily be generalized to young people.
Preclinical or diagnosed disease might influence body
weight and level of physical activity, either biologically or as
a stimulant to improve health. If this has caused lifestyle
changes regarding physical activity or diet, this could bias
our results. However, we excluded individuals with pre-
existing diagnosed ischaemic heart disease, stroke, diabetes
or cancer before 1981–1983. In addition, when deaths that
occurred during the first 5 years of follow-up were excluded,
the results were essentially similar (results not shown).
We dichotomized the initial and attained level of physical
activity and categorized the change in physical activity and
weight loss to perform the analyses of the combined effects,
which have resulted in loss of information. The numbers in
some of the combined groups of change in physical activity
and weight change among initially physically inactive were
low because of the relatively low number of initially physically
inactive. However, we were still able to show that physical
activity modified the association between weight loss and
mortality, at least among physically active men. Furthermore,
level of physical activity obtained through a questionnaire
could be subject to misclassification and is likely to have
weakened the associations observed. However, the used
measure of leisure time physical activity has been shown to
be a strong predictor for cardiovascular disease and mortality
and has been validated relating to maximal oxygen uptake,
showing a concurrent increase in the level of leisure time
activity and in maximal oxygen uptake.59,60 It is likely that
some of the participants grouped as physically inactive were
active during work. However, further adjustment for physical
activity at work did not alter the association essentially,
making this possibility less likely (results not shown).
In this study, 70% of the originally invited cohort
participated in 1981–1983. A decision not to participate
has been shown associated with overweight and may be
associated with physical inactivity.61 Thus, the results of
this study cannot necessarily be generalized to groups with
extreme overweight. This is probably not a problem with
physical activity, as 18% of the population reported that they
were physically inactive in 1976–1978 and 17% reported that
they were inactive in 1981–1983. However, we may have
captured the healthiest of the physically inactive. Finally, our
participants were Caucasians and confirmation in other
ethnic groups is warranted.
Conclusion
In summary, weight loss seemed hazardous to survival
among overweight or obese subjects. However, weight loss
seemed less hazardous to survival among those who
remained or became physically active when compared with
those who became or remained physically inactive. Among
initially physically inactive, becoming physically active
was associated with a lowering of excess mortality asso-
ciated with weight loss, whereas the excess mortality
associated with weight loss was attenuated but not counter-
balanced among initially physically active who remained
physically active while losing weight. Worldwide, millions of
overweight and obese people are trying to lose weight.
Therefore, further research is needed to confirm whether
physical activity can prevent the excess mortality associated
with weight loss among overweight or obese subjects.
Conflict of interest
The authors declare no conflict of interest.
Acknowledgements
We thank the participants of the Copenhagen City Heart
Study for their continued participation, and Birgitte Skogstad
for her valuable grammatical comments on the manuscript.
The Danish Heart Foundation and The Danish Ministry of
Interior and Health supported this research.
Weight loss, physical activity and mortality
JN+stergaard et al
767
International Journal of Obesity
References
1 Seidell JC. Prevalence and time trends of obesity in Europe.
J Endocrinol Invest 2002; 25: 816–822.
2 Berghofer A, Pischon T, Reinhold T, Apovian CM, Sharma AM,
Willich SN. Obesity prevalence from a European perspective: a
systematic review. BMC Public Health 2008; 8: 200.
3 Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal
KM. Prevalence of overweight and obesity in the United States,
1999–2004. JAMA 2006; 295: 1549–1555.
4 van der Wilk EA. Prevalence of Overweight (BMI 25–29.9) and
Obesity (BMI 30+) in European Countries. EUPHIX, EUphact.
www.euphix.org/object_document/o4620n27195.html. RIVM:
Bilthoven, 2008.
5 Bacon SL, Sherwood A, Hinderliter A, Blumenthal JA. Effects of
exercise, diet and weight loss on high blood pressure. Sports Med
2004; 34: 307–316.
6 Poobalan A, Aucott L, Smith WCS, Avenell A, Jung R, Broom J
et al. Effects of weight loss in overweight/obese individuals and
long-term lipid outcomesFa systematic review. Obes Rev 2004; 5:
43–50.
7 Aucott L, Poobalan A, Smith WCS, Avenell A, Jung R, Broom J
et al. Weight loss in obese diabetic and non-diabetic individuals
and long-term diabetes outcomesFa systematic review. Diabetes
Obes Metab 2004; 6: 85–94.
8 Lee IM, Paffenbarger Jr RS. Is weight loss hazardous? Nutr Rev
1996; 54: S116–S124.
9 Higgins M, D’Agostino R, Kannel W, Cobb J, Pinsky J. Benefits
and adverse effects of weight loss. Observations from the
Framingham Study. Ann Intern Med 1993; 119: 758–763.
10 Lee IM, Paffenbarger Jr RS. Change in body weight and longevity.
JAMA 1992; 268: 2045–2049.
11 Mikkelsen KL, Heitmann BL, Keiding N, Sørensen TIA. Inde-
pendent effects of stable and changing body weight on total
mortality. Epidemiology 1999; 10: 671–678.
12 Nilsson PM, Nilsson J-A, Hedblad B, Berglund G, Lindega¨rde F.
The enigma of increased non-cancer mortality after weight loss in
healthy men who are overweight or obese. J Intern Med 2002; 252:
70–78.
13 Pamuk ER, Williamson DF, Serdula MK, Madans J, Byers TE.
Weight loss and subsequent death in a cohort of U.S. adults.
Ann Intern Med 1993; 119: 744–748.
14 Peters ET, Seidell JC, Menotti A, Arayanis C, Dontas A, Fidanza F
et al. Changes in body weight in relation to mortality in 6441
European middle-aged men: the Seven Countries Study. Int J Obes
Relat Metab Disord 1995; 19: 862–868.
15 Sørensen TIA, Rissanen A, Korkeila M, Kaprio J. Intention to
lose weight, weight changes, and 18-y mortality in over-
weight individuals without co-morbidities. PLoS Med 2005; 2:
e171.
16 Yang D, Fontaine KR, Wang C, Allison DB. Weight loss causes
increased mortality: cons. Obes Rev 2003; 4: 9–16.
17 Williamson DF, Pamuk ER. The association between weight loss
and increased longevity. A review of the evidence. Ann Intern Med
1993; 119: 731–736.
18 Stampfer MJ. Weight loss and mortality: what does the evidence
show? PLoS Med 2005; 2: e181.
19 Berentzen T, Sørensen TIA. Effects of intended weight loss on
morbidity and mortality: possible explanations of controversial
results. Nutr Rev 2006; 64: 502–507.
20 Schwartz RS, Shuman WP, Larson V, Cain KC, Fellingham GW,
Beard JC et al. The effect of intensive endurance exercise training
on body fat distribution in young and older men. Metabolism
1991; 40: 545–551.
21 Kohrt WM, Obert KA, Holloszy JO. Exercise training improves
fat distribution patterns in 60- to 70-years-old men and women.
J Gerontol 1992; 47: M99–M105.
22 Bensimhon DR, Kraus WE, Donahue MP. Obesity and physical
activity: a review. Am Heart J 2006; 151: 598–603.
23 Kay SJ, Fiatarone Singh MA. The influence of physical activity on
abdominal fat: a systematic review of the literature. Obes Rev
2006; 7: 183–200.
24 Thomas EL, Brynes AE, McCarthy J, Goldstone AP, Hajnal JV,
Saeed N et al. Preferential loss of visceral fat following aerobic
exercise, measured by magnetic resonance imaging. Lipids 2000;
35: 769–776.
25 Ross R, Janssen I. Physical activity, total and regional obesity:
dose-response considerations. Med Sci Sports Exerc 2001; 33:
S521–S527.
26 Redman LM, Heilbronn LK, Martin CK, Alfonso A, Smith SR,
Ravussin E et al. Effect of calorie restriction with or without
exercise on body composition and fat distribution. J Clin
Endocrinol Metab 2007; 92: 865–872.
27 Chaston TB, Dixon JB. Factors associated with percent change in
visceral versus subcutaneous abdominal fat during weight loss:
findings from a systematic review. Int J Obes 2008; 32: 619–628.
28 Blair SN, Kohl HW, Barlow CE, Paffenbarger RS, Gibbons LW,
Macera CA. Changes in physical-fitness and all-cause mortality
Fa prospective-study of healthy and unhealthy men. JAMA
1995; 273: 1093–1098.
29 Erikssen G, Liestol K, Bjornholt J, Thaulow E, Sandvik L, Erikssen
J. Changes in physical fitness and changes in mortality. Lancet
1998; 352: 759–762.
30 Steffen-Batey L, Nichaman MZ, Goff Jr DC, Frankowski RF, Hanis
CL, Ramsey DJ et al. Change in level of physical activity and risk
of all-cause mortality or reinfarction: the Corpus Christi Heart
Project. Circulation 2000; 102: 2204–2209.
31 Wannamethee SG, Shaper AG, Walker M. Changes in physical
activity, mortality, and incidence of coronary heart disease in
older men. Lancet 1998; 351: 1603–1608.
32 Appleyard M. The Copenhagen City Heart Study: a book of tables
with data from the first examination (1976–78) and a five-year
follow-up (1981–83). Scand J Soc Med 1989; 170: 1–160.
33 Pedersen CB, Gotzsche H, Moller JO, Mortensen PB. The Danish
Civil Registration System. A cohort of eight million persons.
Dan Med Bull 2006; 53: 441–449.
34 Saltin B, Grimby G. Physiological analysis of middle-aged and old
former athletes. Comparison with still active athletes of the same
ages. Circulation 1968; 38: 1104–1115.
35 Droyvold WB, Lund Nilsen TI, Lydersen S, Midthjell K, Nilsson
PM, Nilsson J-A et al. Weight change and mortality: the Nord-
Trondelag Health Study. J Intern Med 2005; 257: 338–345.
36 Andres R, Muller DC, Sorkin JD. Long-term effects of change in
body weight on all-cause mortality. A review. Ann Intern Med
1993; 119: 737–743.
37 Allison DB, Zannolli R, Faith MS, Heo M, Pietrobelli A, VanItallie
TB et al. Weight loss increases and fat loss decreases all-cause
mortality rate: results from two independent cohort studies. Int J
Obes Relat Metab Disord 1999; 23: 603–611.
38 Heitmann BL, Erikson H, Ellsinger BM, Mikkelsen KL, Larsson B.
Mortality associated with body fat, fat-free mass and body mass
index among 60-years-old Swedish men-a 22-years follow-up. The
study of men born in 1913. Int J Obes Relat Metab Disord 2000; 24:
33–37.
39 Chandrashekhar Y, Anand IS. Exercise as a coronary protective
factor. Am Heart J 1991; 122: 1723–1739.
40 Kiens B, Lithell H. Lipoprotein metabolism influenced by
training-induced changes in human skeletal-muscle. J Clin Invest
1989; 83: 558–564.
41 Fung TT, Hu FB, Yu J, Chu NF, Spiegelman D, Tofler GH et al.
Leisure-time physical activity, television watching, and plasma
biomarkers of obesity and cardiovascular disease risk. Am J
Epidemiol 2000; 152: 1171–1178.
42 Thune I, Njolstad I, Lochen ML, Forde OH. Physical activity
improves the metabolic risk profiles in men and women – he
Tromso Study. Arch Intern Med 1998; 158: 1633–1640.
43 Salonen JT, Hamynen H, Leino U, Kostiainen E, Sahi T. Relation
of alcohol, physical activity, dietary fat and smoking to serum
Weight loss, physical activity and mortality
JN+stergaard et al
768
International Journal of Obesity
HDL and total cholesterol in young Finnish men. Scand J Soc Med
1985; 13: 99–102.
44 Panagiotakos DB, Pitsavos C, Chrysohoou C, Kavouras S, Stefanadis
C. The associations between leisure-time physical activity and
inflammatory and coagulation markers related to cardiovascular
disease: the ATTICA Study. Prev Med 2005; 40: 432–437.
45 Rauramaa R, Salonen JT, Seppanen K, Salonen R, Venalainen JM,
Ihanainen M et al. Inhibition of platelet aggregability by
moderate-intensity physical exerciseFa randomized clinical-trial
in overweight men. Circulation 1986; 74: 939–944.
46 Lee KW, Lip GYH. Effects of lifestyle on hemostasis, fibrinolysis,
and platelet reactivity: a systematic review. Arch Intern Med 2003;
163: 2368–2392.
47 Schnohr P, Lange P, Scharling H, Jensen JS. Long-term physical
activity in leisure time and mortality from coronary heart disease,
stroke, respiratory diseases, and cancer. The Copenhagen City
Heart Study. Eur J Cardiovasc Prev Rehabil 2006; 13: 173–179.
48 Sesso HD, Paffenbarger RS, Lee IM. Physical activity and coronary
heart disease in menFthe Harvard Alumni Health Study.
Circulation 2000; 102: 975–980.
49 Berlin JA, Colditz GA. A metaanalysis of physical-activity in the
prevention of coronary heart-disease. Am J Epidemiol 1990; 132:
612–628.
50 Shaper AG, Wannamethee G. Physical-activity and ischemic-
heart-disease in middle-aged British men. Br Heart J 1991; 66:
384–394.
51 Heitmann BL, Hills AP, Frederiksen P, Ward LC. Obesity, leanness,
and mortality: effect modification by physical activity in men
and women. Obesity (Silver Spring) 2009; 17: 136–142.
52 Rexrode KM, Carey VJ, Hennekens CH, Walters EE, Colditz GA,
Stampfer MJ et al. Abdominal adiposity and coronary heart
disease in women. JAMA 1998; 280: 1843–1848.
53 Lissner L, Bjorkelund C, Heitmann BL, Seidell JC, Bengtsson C.
Larger hip circumference independently predicts health
and longevity in a Swedish female cohort. Obes Res 2001; 9:
644–646.
54 Bigaard J, Tjønneland A, Thomsen BL, Overvad K, Heitmann BL,
Sørensen TIA. Waist circumference, BMI, smoking, and mortality
in middle-aged men and women. Obes Res 2003; 11: 895–903.
55 Snijder MB, Visser M, Dekker JM, Goodpaster BH, Harris TB,
Kritchevsky SB et al. Low subcutaneous thigh fat is a risk factor for
unfavourable glucose and lipid levels, independently of high abdo-
minal fat. The Health ABC Study. Diabetologia 2005; 48: 301–308.
56 Heitmann BL, Frederiksen P, Lissner L. Hip circumference and
cardiovascular morbidity and mortality in men and women. Obes
Res 2004; 12: 482–487.
57 Janssen I, Heymsfield SB, Allison DB, Kotler DP, Ross R. Body mass
index and waist circumference independently contribute to the
prediction of nonabdominal, abdominal subcutaneous, and
visceral fat. Am J Clin Nutr 2002; 75: 683–688.
58 Han TS, McNeill G, Seidell JC, Lean ME. Predicting intra-
abdominal fatness from anthropometric measures: the influence
of stature. Int J Obes Relat Metab Disord 1997; 21: 587–593.
59 Grimby G, Wilhelmsen L, Bjo¨rntorp P, Saltin B, Tibblin G.
Habitual physical activity, aerobic power and blood lipids. In:
Pernow E, Saltin B (eds). Muscle Metabolism During Exercise.
Plenum Press: New York, 1979, pp 469–481.
60 Andersen LB, Schnohr P, Schroll M, Hein HO. All-cause mortality
associated with physical activity during leisure time, work, sports,
and cycling to work. Arch Intern Med 2000; 160: 1621–1628.
61 Sonne-Holm S, Sørensen TI, Jensen G, Schnohr P. Influence of
fatness, intelligence, education and sociodemographic factors on
response rate in a health survey. J Epidemiol Community Health
1989; 43: 369–374.
Weight loss, physical activity and mortality
JN+stergaard et al
769
International Journal of Obesity
